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(54) Containment systems for insulation, and insulation elements employing such systems 

(57) Acoustic and thermal insulation for an enclosed 
space, particulary the passenger cabin (26) of an aircraft, 
comprises insulating elements (18) lining the interior 
wall. Each element (18) is enclosed in a bag (36) of thin 
flexible moisture impervious material and each bag (36) 
is provided with an aperture (44) al a lowermost point at 
which moisture condensed from humid air within the bag 
will pool under gravity A duct (46) connects each ele- 
ment interior to the exterior of the enclosed space, so 
that air pressure in the bag can be equalised with that in 
the space without using air from the enclosed space. Any 
condensate in the bag can flow to the exterior, and only 
air from the exterior can enter the bag interior. The ele- 
ments (18) are formed in appropriate shapes, such as 
rectangular to fit in the cells (16) formed between the 
frames (12) and stringers (14) of an aircraft luselage 
(10), or so as to be wrapped around the frames (12). All 
of the elements in a column can be connected in series, 
so that each element in the column comprises part of the 
flow duct for the element above' it. When the enclosed 
space is subject to a fast reduction in its internal air pres- 
sure the resultant air flow out of the bags carries with it 
any condensed liquid. 
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Description 

Field of the invention 

This invention is concerned with new containment 
systems for thermal and acoustic insulation, and new 
thermal and acoustic insulating elements employing 
such systems, and especially but not exclusively to such 
containment systems and such insulating elements for 
use in aircraft. The invention is also concerned with 
methods of thermally and acoustically insulating en- 
closed spaces the internal pressures of which are sub- 
jected to periodic changes. 

Background of the Invention 

The construction universally used for commercial 
aircraft is that of a skeleton framework comprising a plu- 
rality of spaced parallel transverse frames connected by 
longitudinally extending stringers, the framework being 
covered externally by a thin stressed metal skin, and in- 
ternally by decorative removable interior trim panels. 
Each cell between each pair of immediately adjacent 
frames and immediately adjacent stringers is provided 
with its own insulating element, or a stack of elements to 
obtain the required thickness, a vapor barrier being pro- 
vided on the warm side. In aircraft systems the vapor bar- 
rier usually is provided by enclosing each elenent com- 
pletely in a bag of a thin flexible moisture-impervious 
plastics material to form what is commonly referred to in 
the industry as a pillow or blanket. 

These aircraft insulation systems are subjected to 
conditions that are not encountered by those used, for 
example, in land-based installations such as buildings 
and automobiles. For example, the range of atmospheric 
pressure to which the system is subjected, and the rate 
at which that pressure changes, are much greater than 
the usual diurnal range due to changes in weather con- 
ditions, even though in the interest of passenger comfort 
the pressure inside the aircraft is maintained within a re- 
stricted range. With a land-based system the change of 
pressure caused by weather changes is usually in the 
range from 99kPa to 104kPa, and although changes of 
from 97kPa to 1 06kPa theoretically are possible they are 
unusual. Moreover, even with an abrupt weather change 
the rate of change of the pressure will still be much less 
than with an aircraft. Any increase in altitude is accom- 
panied by a decrease in ambient pressure, but again in 
the case of, for example an automobile climbing into hilly 
country, the rate of change is much slower than with an 
aircraft. High flying aircraft have a substantially airtight 
fuselage, minor leakage outlets being present such as 
the toilet discharges, and the interior pressure is control- 
led to be as low as possible without passenger discom- 
fort. Upon takeofl the cabin pressure is allowed to drop 
to a value within the range equivalent to that outside at 
about 2,400-3,600 meters (8,000-12,000 feet), all and 
any changes in the cabin pressure change being trans- 



mitted throughout the fuselage interior through the joints 
in the floor and between the cabin ceiling trim panels. 

Another important difference in the conditions en- 
countered is the rate of change of the ambient tempera- 

5 ture to which an aircraft is subjected. The range of am- 
bient temperature for which an aircraft must be designed 
is about the same as for other types of vehicles, in that 
both may be employed in hot (e.g. equatorial) locations 
where the vehicle surface temperature in direct sunlight 

10 can reach about 50°C (1 32°F), or in cold (e.g. arctic/ant- 
arctic) locations where the outside temperature can be 
as low as -50°C (-60°F). However, with a building or a 
vehicle other than an aircraft the normal diurnal temper- 
ature variation to which it is subjected usually is much 

15 smaller than this maximum range, in that hot location 
temperatures may rarely if ever go below zero, and cold 
location temperatures may rarely if ever go above zero, 
while the rate of change is also low. An aircraft taking off 
from, or landing at, an equatorially located airport can be 

20 subjected to almost the full range at a high rate of 
change, the period being only the relatively short time 
required to reach cruising altitude, or to descend and 
land. The frequency of change is also very much greater, 
in that even a long haul aircraft will usually make a 

25 number of ascents and descents during a working day, 
while short haul aircraft such as are used for hub con- 
necting traffic will make a much larger number of ascents 
and descents in that period. 

The atmospheric temperature is almost always be- 

30 low zero celsius above about 2,400 meters (8,000 feet), 
and most passenger flights are well above that altitude, 
while for passenger comfort the temperature inside the 
cabin must of course be kept within a much more restrict- 
ed range of about 20°C-24°C (68°F-75°F). It is inevitable 

35 therefore that comparatively frequently the temperature 
inside each insulation element adjacent to the outer met- 
al skin will reach the dew point at which any water vapor 
inside the element bag will condense to water, while the 
temperature closer to the outer metal skin will be suffi- 

40 cienlly low for it to deposit as ice. 

The insulating materials used for the elements are 
primarily intended to meet relatively rigorous require- 
ments as to noise, vibration and fireproofing, and thermal 
insulation although important is secondary to these; as 

^5 is desirable with aircraft they should also be of the lowest 
possible weight. The material currently most commonly 
used is a special lightweight glass fibre, although recent- 
ly this has begun to be replaced, at least partly, by spe- 
cially developed polyimide open cell foams, which how- 

50 ever are considerably more expensive than the glass fi- 
bre materials. All of these materials essentially are po- 
rous and filled with air. The air pressure within the ele- 
ments must be allowed to equalize with the cabin pres- 
sure, since with an impervious vapor barrier either the 

55 elements will bulge into the cabin as the cabin pressure 
drops, possibly dislodging the trim panels, or they will 
collapse inward as it increases and considerably reduce 
their insulation efficiency. To prevent these undesirable 



3 



EP 0 692 424 A2 



4 



eflects the envelopes are usually provided with relatively 
large openings, and it has been accepted that there will 
a resulting exchange of air between the cabin interiorand 
the interiors of the elements. Even a small opening is 
highly effective in allowing the passage of water vapor 
from the more humid cabin interior into the less humid 
element interiors under the effect of its partial vapor pres- 
sure, which causes its rapid dispersion throughout the 
element interior The transfer is made even more effec- 
tive by lower temperatures in the element interiors, re- 
sulting in lower effective partial vapor pressures, so that 
more vapor is required for the equalisation. The transfer 
increases even further when any part of the element in- 
terior is below the dew point temperature, in that the wa- 
ter vapor condenses, further reducing the partial vapor 
pressure, so that even further transfer takes place. 

This undesirable effect is exacerbated with high fly- 
ing passenger aircraft during the periods when the rela- 
tively tightly closed aircraft cabin contains the crew and 
a large number of passengers, each of which adds mois- 
tened air to the cabin atmosphere via beverages, breath- 
ing and perspiration, so that the humidity is increased. 
As a result, during the period that the aircraft is at normal 
flying altitude, there can be considerable condensation 
of moisture within the insulation, reducing its effective- 
ness as acoustic insulation, so that the interior noise in- 
creases, and also reducing its effectiveness as thermal 
insulation, so that fuel consumption is increased. Such 
condensed moisture is found to have a particularly del- 
eterious effect upon glass fibre insulation in that it al- 
ready has a tendency to shake downward toward the bot- 
tom of its bag, and the weight of the moisture increases 
this tendency. When the amount of condensate becomes 
greater than the surface retentive capacity of the insula- 
tion material it pools in the bottoms of the cells, from 
which it usually is arranged to drain into a space between 
the elements and the metal outer skin, from whence it 
drains to the aircraft bilge for eventual discharge. The 
condensate adds undesired weight to the aircraft, and it 
has been estimated that a 300 seat aircraft can accumu- 
late as much as 1.000Kg (2,000 pounds) of excess 
weight in the form of such condensate, correspondingly 
increasing fuel consumption, and surreptitiously and 
dangerously increasing take-off weight. A not inconsid- 
erable disadvantage is that occasionally, especially as 
the aircraft accelerates or decelerates, pooled conden- 
sate in the cells above the cabin ceiling leaks on to the 
passengers below. 

Definition of the Invention 

It is a principal object of the invention to provide new 
containment systems for thermal and acoustic insula- 
tion, and new thermal insulation elements employing 
such systems. 

It is another object to provide such new containment 
systems and such new insulation elements especially 
suited for the special conditions encountered with high 



flying passenger aircraft, so as to maintain the insulation 
thermally and acoustically effective. 

It is a specific object to provide such new systems 
and insulation elements with which the condensation 

5 and retention of water vapor within the elements can be 
significantly reduced. 

In accordance with the invention there is provided a 
system for the containment of acoustic and thermal in- 
sulation elements used for the insulation of the interior 

to of an enclosed space constituted by at least one external 
wall, a plurality of said elements being applied for that 
purpose on the inside surface of the external wall or walls 
of the space; 

wherein each of the elements comprises a body of 

is thermally insulating material enclosed in a bag of mois- 
ture impervious material, each bag having at a lower- 
most point at which moisture condensed therein will ac- 
cumulate under gravity an aperture or apertures con- 
necting the bag interior to its exterior; 

20 the system also comprising an air and liquid flow 

duct connecting each bag aperture, and thereby the bag 
interior, to the exterior of the enclosed space so that air 
and condensed liquid at the lowermost point flows there- 
through to the enclosed space exterior; 

2S said aperture or apertures and the respective flow 

duct or ducts comprising the means through which air 
from the enclosed space exterior can enter and leave the 
bag interior for equalisation of pressure between the bag 
interior and that of the ambient atmosphere within the 

30 enclosed space. 

Also in accordance with the invention there is pro- 
vided an insulation element for insulating the interior of 
an enclosed space constituted by at least one external 
wall by application of the element to the inside surface 

35 of the external wall; 

the element comprising a body of insulating mate- 
rial; 

a bag of moisture impervious sheet material en- 
closing the body of insulating material; 

40 an aperture or apertures connecting the bag inte- 

rior to its exterior respectively at a point or points in the 
bag wall which when the bag is installed on the external 
wall inside surface is respectively a lowermost point or 
points thereof, so that moisture condensing within the 

^5 bag can accumulate under gravity at this point or points 
for discharge from the bag interior therethrough; and 

an air and liquid flow duct connected to each aper- 
ture, the aperture or apertures and the respective flow 
duct or ducts also permitting entry and exit of air for 

50 equalisation of pressure between the bag interior and 
that of the atmosphere ambient to the element. 

Further in accordance with the invention there is pro- 
vided a method of insulating the interior of an enclosed 
space enclosed by at least one external wall and subject 

55 to fluctuations in the ambient air pressure within the en- 
closed space interior, the interior surface of the external 
wall having applied thereto a plurality of insulating ele- 
ments, and of containing the insulating elements each of 



3 



5 



EP 0 692 424 A2 



6 



which comprises a body of thermally insulating material; 

comprising enclosing each element in a bag of 
moisture impervious sheet material; 

providing each bag with an aperture or apertures 
respectively connecting the bag interior to its exterior at 
a lowermost point or points in the bag wall, so that mois- 
ture that condenses within each bag can accumulate un- 
der gravity at this lowermost point or points; 

venting each element interior through the respec- 
tive aperture to an outside space outside the enclosed 
space interior through an air and liquid flow duct or ducts 
through which air can only flow between the bag interior 
and the outside space and cannot enter the enclosed 
space interior, 

whereby a decrease in the ambient pressure out- 
side the enclosed space interior relative to the pressures 
within the bag interiors and consequent movement of air 
from the bag interiors tor equalisation of these pressures 
through the flow duct or ducts acts to carry condensed 
liquid trom the bag interiors to the outside space. 

Further in accordance with the invention there is pro- 
vided an insulation element retainer clip for an insulation 
element for an aircraft comprising a plurality of longitu- 
dinally spaced transverse frames and a plurality of cir- 
cumf erentially spaced longitudinally extending stringers, 
each frame having a plurality of frame insulating ele- 
ments wrapped around the respective frame with adja- 
cent elements butted end to end, the retainer clip com- 
prising a metal spring member wrapped around the re- 
spective frame insulating element to retain it on the re- 
spective frame. 

Preferably the insulated space is an aircraft passen- 
ger cabin disposed above a non-passenger space of the 
aircraft and each air and liquid flow duct connects its re- 
spective bag interior to the interior of the non-passenger 
space. 

A plurality of insulation elements may be disposed 
one above the other in the form of a column with their 
interiors connected in series with one another, so that 
each immediately tower element bag constitutes part of 
the air and liquid flow duct from its immediately upper 
element bag to the enclosed space exterior. 

Description of the Drawings 

Insulation enclosure systems, enclosed insulation 
elements, and methods of operating such insulation sys- 
tems, that are particular preferred embodiments of the 
invention will now be described, by way of example, with 
reference to the accompanying diagrammatic drawings, 
wherein: 

Figure 1 is a transverse cross section through a por- 
tion of an aircraft fuselage insulated with elements 
of the invention; 

Figure 2 is a side elevation taken on the line 2-2 in 
Figure 1; 



Figure 3 is a cross section at a transverse frame of 
the aircraft fuselage, taken on the line 3-3 in Figure 
2, to show a frame insulation element in accordance 
with the invention, the figure showing in end eleva- 
tion a retainer clip jn accordance with the invention; 

Figure 4 is an end elevation of a frame insulation 
element prior to its installation; 

Figure 5 is a longitudinal cross section through a 
connection between two of the insulation elements 
of Figures 1 -4, being an enlarged view of the circled 
portion 5 in Figure 1 , showing also a preferred con- 
struction for a connection between an air and liquid 
flow duct and the respective aperture of an element; 

Figure 6 is an exploded view of part of the connec- 
tion of Figure 5, showing the connection between the 
air and liquid flow duct and the respective aperture 
of an element; 

Figure 7 is a part transverse cross section similar to 
Figure 1 illustrating other embodiments of the inven- 
tion, 

Figure 8 is a schematic view of a further embodi- 
ment, and 

Figure 9 is an enlarged perspective view of the area 
30 circled in Figure 8 and showing a connector and the 
manner of its connection to two insulation elements. 

Description of the Preferred Embodiment 

A typical aircraft fuselage structure 10, as illustrated 
by Figures 1-3 : comprises a plurality of longitudinally 
spaced circular frames 12 connected together by a plu- 
rality of circumf erentially spaced longitudinally extending 
stringers 14, the frames and stringers cooperating to 
form a plurality of approximately rectangular shaped 
cells 16, each of which received one or more sound, vi- 
bration and thermal insulating elements 18. Each cell is 
closed externally by a thin stressed metal skin 20 and 
internally by interior trim panels 22. In this embodiment 
the interior of the fuselage is divided by a cabin floor 
structure 24 into a passenger-containing cabin 26 and a 
non-passenger-containing baggage compartment 28; 
floor structure 30 of the baggage compartment sepa- 
rates its interior from that of bilge 32. 

The central portion of an aircraft fuselage is usually 
of substantially uniform diameter along its length and the 
cells in this portion are therefore of rectangular front and 
rear elevation; most of the elements are rectangular 
shape and of size so as to fit tightly into the respective 
cell and fill it as much as possible, thereby minimizing as 
much as possible any free space in the cells into which 
moisture laden air from the cabin interior can pass. Oth- 
ers of the elements are of special shape so as to fit tightly 
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around the cabin windows, in any doors, and around any 
door openings. The nose and tail portions of the fuselage 
are of course tapered and the elements are shaped to 
correspond with the resultant cell shapes, and so that 
they will also fit tightly into the cells. In this embodiment 
each element 18 comprises a body 34 of a suitable in- 
sulating material, such as glass fibre or open cell poly- 
imide foam, enclosed in a tightly-fitting bag 36 of a thin 
moisture impervious flexible material.. In this embodi- 
ment each cell is filled with a single element of thickness 
sufficient to extend between the outer metal skin and the 
respective interior panel, but in other embodiments it 
may be preferred to use a plurality of thinner elements 
stacked one behind the other. The plurality of elements 
sandwiched between two immediately adjacent circular 
transverse frames may be regarded as two columns of 
elements meeting at the uppermost part of the fuselage 
above the cabin ceiling and in the lowermost part of the 
bilge. 

Substantial sources of sound transmission and heat 
loss are the metal transverse frames 12, since they pro- 
trude into the cabin interior; this also makes it difficult to 
provide them with insulation of adequate thickness with- 
out encroaching into the available cabin space. In this 
embodiment the frames are constituted by beams of I 
cross section and each is insulated by a plurality of frame 
enclosing insulating elements 38 butted end to end 
around the frame. Each of these elements 38 also corn- 
prises a body 34 of insulating material and an enclosing 
flexible impervious bag 36. If the body is a highly flexible 
material such as glass fibre then a pad of appropriate 
size can be folded around the frame, but this is not usu- 
ally possible with a more rigid material such as polyimide 
foam. Therefore with such more rigid materials, as is il- 
lustrated by Figure 4, prior to its installation the body 34 
is provided on one side with two spaced sets of closely 
spaced V-cross section grooves 40, and on the other 
side with two spaced sets of closely spaced V-cross sec- 
tion grooves 42. The mid portion of the body 34 between 
the grooves 40, together with the adjacent portion of the 
enclosing bag, is applied to the frame inner surface, the 
grooves permitting the body to be folded through 180 de- 
grees around the inner flange of the I beam, while the 
grooves 42 permit the body to be folded through 90 de- 
grees at the respective junctions between the inner 
flange and the I beam cross web. Once Installed each 
element is retained in its wrapped configuration by ver- 
tically spaced spring clip members 43 formed from flat 
metal strip that embrace the outside of the element. Each 
of these clip members has a body portion of C-shape 
that embraces the inner end flange of the frame to hold 
the insulation element folded around it, while two parallel 
arm portions extend from the mouth of the C to embrace 
the portions of the element that butt against the frame 
cross web and hold them in close contact therewith. As 
with the cell-filling elements, the set of frame-embracing 
elements can be regarded as two columns of elements 
meeting at the fuselage topmost and bottommost points. 



Each bag 36 of both the cell and frame insulating 
elements is provided at a point that when it is installed is 
its bottom end, and accordingly that is its lowermost 
point, with an outlet aperture 44, so that any moisture 

5 condensing within the bag and not retained on the sur- 
faces of the material of the body 34 will accumulate and 
pool under gravity at this point. In this embodiment only 
a single such aperture is required for each bag, but in 
the case of a much larger bag more than one aperture 

io may be required, each located at a corresponding low- 
ermost point. This aperture is the inlet to and outlet from 
the bag interior for air passing between the bag interior 
and its exterior, and accordingly the outlet from the bag 
for any such condensed moisture. In this embodiment 

is the outlet 44 of each bag is connected by an air and liquid 
flow duct, constituted by a respective connection 46, to 
an inlet aperture 48 at the uppermost part of the bag of 
the immediately adjacent next lowest element, so that 
air and condensed moisture from an upper bag can only 

20 pass downward into the respective next lower bag, and 
similarly air and condensed moisture in a lower bag can 
only pass upward into the respective next upper bag. Air 
will pass relatively easily in both directions, and may 
have water vapor entrained therein, while the condensed 

2S liquid will move under gravity relatively easily downward, 
but is most unlikely to move upward, since the rates of 
air flow usually will not be high enough. The normal ac- 
tion is therefore for it to drain steadily downward through 
the interiors of the respective columns of elements, in 

30 this embodiment the two uppermost elements in each 
column are not connected together, although they can 
be if that is preferred. 

The two opposite rows of the lowermost cell-filling 
elements 1 8 and the frame-enclosing elements 38 in the 

35 respective passenger cabin walls are connected by re- 
spective liquid and air flow ducts 50 (Figures 1 and 2) to 
discharge into the bilge space 32. Thus, each column of 
elements discharges eventually into a space outside of 
the enclosed cabin interior, which in this embodiment is 

40 the bilge. In other embodiments they may instead dis- 
charge into the baggage compartment interior 28, when 
the advantage of the invention will also be obtained, in 
that inherently the humidity of the air in the non-crew and 
non-passenger containing parts of the fuselage is much 

45 lower than in the passenger-containing parts. When ref- 
erence is made herein to the aircraft cabin it is assumed 
that the crew-containing cockpit is to be regarded as part 
thereof. The elements lining the baggage compartment 
and bilge compartment spaces are simply vented directly 

50 into those spaces, although if preferred they may be 
vented in other ways, as is described below. 

As the aircraft takes off the air pressures in the cabin, 
baggage compartment and bilge decrease to equalize 
with the air pressure outside the aircraft. The excess air 

55 jn the insulation elements cannot pass out through the 
air and moisture impervious bag walls, but wil pass read- 
ily through the relatively highly porous element bodies 
34, their respective connections 46 and the ducts 5 into 
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the bilge interior, so that the internal pressures in the 
bags can equalize readily with their external pressure 
and there will be no problem with unwanted expansion 
of th bags and the possibility of the interior trim panels 
22 being displaced. This air cannot therefore directly 
ente the cabin interior and if any moisture in the bags 
has condensed to liquid, then this condensate will be 
resting in the bags immediately adjacent to the respec- 
tive outlets 46. and will be expelled by the exiting air into 
the next lowest bag, and so on until it is discharged into 
the bilg interior. The bilges of many aircraft are provided 
with valves through which the ground crew removes any 
accumulated water while the aircraft is on the ground, if 
no provision is available for its removal while in the air 

While the aircraft is in flight, even though the cabin 
interior may become relatively highly saturated with wa- 
ter vapor by expiration from the passengers, and from 
other activities therein such as the serving of drinks and 
hot moist foods, there is no possibility of direct commu- 
nication between the cabin interior and the element bag 
interiors through the bag walls, as with the prior art insu- 
lating structures described above, and therefore no pos- 
sibility of direct entry of air from the cabin into the interiors 
of the elements. Moreover, since the elements are fitted 
tightly into the cells and around the frames, there is a 
minimum of free spaces into which moisture lade air can 
enter, and into which water can condense; the small 
amount that does reach these free spaces will usually 
freeze and thaw upon the aircraft reaching the ground, 
when it will drain in the usual way to the bilge. As the 
aircraft descends below the level at which the aircraft in- 
terior has been pressurized, and the pressures within the 
various compartments begin to increase again from the 
cruising value, air can only flow into the insulating ele- 
ment interiors through the ducts 50 and the connections 
46, and this air is the relatively dry air in the bilge, or the 
baggage compartment, depending upon where the ducts 
50 discharge. Even though the bilge may initially have 
contained condensate that accumulated as the aircraft 
ascended it and the baggage compartment are constant- 
ly supplied with very dry air from outside the fuselage. If 
while descending there is still some condensate present 
its relative humidity will still be much lower than in the 
cabin, and will be even lower when the condensate has 
been removed, either by discharging or by evaporation 
into the dry air. 

As was explained above, the presence of any mois- 
ture within the insulation elements reduces their efficien- 
cy for both thermal and acoustic insulation, and with the 
above-described prior art systems once moisture has 
entered the elements it becomes extremely difficult to re- 
move, the main means of removal being when it pools 
as condensate, which still leaves moisture that has con- 
densed or even frozen on the considerable surface areas 
inherently provided by the insulation material. It is an ad- 
vantage of the invention overthese prior art systems that 
it not only inhibits the entry of moisture to the bag interiors 
in the first place, but also provides for its removal by the 



supply of dry air to the bag interiors, which will cause 
evaporation from the insulation material surfaces under 
the effect of the partial vapor pressure. 

Thus, the enclosure system of the invention makes 

5 use of the fact that while airborne inherently the air 
non-passenger containing compartments of an aircraft 
are of very low relative humidity. Once the aircraft is 
above the altitude at which the cabin pressure has been 
stabilized then it is necessary to draw in outside air, pres- 

io surize and heat it, and deliver the pressurized, heated 
air to the cabin and baggage compartments; even if not 
supplied directly to the bilge it will leak into that space. 
Because of its already low temperature at these altitudes 
this outside air is also of very low relative humidity, and 

75 this is even further decreased as it is heated. This low 
relative humidity is advantageous when the air is injected 
into the cabin, since it helps to counteract the excess hu- 
midity therein, and it is a positive advantage in the sys- 
tems of the invention, in that the interiors of the elements 

20 are always supplied with this relatively very dry air, min- 
imizing the possibility of any moisture condensation 
therein, and also providing an effective vehicle for evap- 
oration and removal of any condensed liquid. 

The problem of the excessive condensation of mois- 

25 ture in aircraft interiors, and in their insulation, has been 
exacerbated by the decision of many airline companies 
to ban tobacco smoking on their flights. When smoking 
was permitted it was necessary to replace the cabin air 
relatively frequently to avoid any objectionable buildup 

^0 of tobacco smoke, so that the humid cabin air was re- 
placed or at least diluted correspondingly frequently with 
dry outside air. Without smoking the rate of replacement 
can be reduced and airlines have taken full advantage 
of this because of the resultant saving of fuel, but with 

35 existing insulation systems it has been accompanied by 
a noticeable increase in the amount of condensed mois- 
ture. This has been made evident to the passengers by 
an increase in the incidence of condensed water spray- 
ing through the joints in the cabin ceiling on to the seats 

40 below. 

With the large number of elements required to insu- 
late even one of the smaller commercial aircraft it is es- 
sential to provide a form of connection 46 and outlet duct 
50 that is secure while being simple and inexpensive to 

^5 manufacture; in the case of a connection it must also be 
easy to connect and disconnect. A structure which meets 
these requirements to a substantial extent is illustrated 
by Figures 5 and 6. A body portion which connects the 
bag aperture to the flow duct is constituted by a flanged 

50 tubular metal grommet 52 of a non-corrodible metal such 
as brass, comprising a tubular portion 54 that is a snug 
fit in the respective aperture and a radially extending 
flange 56 at one end. Such grommets are used exten- 
sively to form rope-receiving holes in tarpaulins and are 

55 therefore readily available at low cost. In the case of an 
outlet aperture 44 the tubular body is passed through it 
until the flange contacts the bag inside surface, while in 
the case of an inlet aperture 48 the tubular body is 
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passed through it until the flange contacts the bag out- 
side surface. The grommet is then held securely in po- 
sition by the application over the flange and the adjacent 
bag surface of an annulus 58 of thin sheet material pro- 
vided on the required side with an adhesive layer. 

When the air and liquid flow duct also constitutes the 
connection between the two grommets this duct com- 
prises a short length of tubing 60 of plastics material of 
external diameter such as to fit snugly within the bore in 
the tubular portion 54. The free end 62 of the tubular por-. 
tion is turned slightly inward and has a sharp edge which 
digs into the plastics tubing and inhibits withdrawal of the 
tubing from the grommel once it has been inserted, with- 
out however preventing its withdrawal if this should be 
needed to disassemble the connection. Excessive 
movement of the tubing into the grommet is prevented 
by a locking ring 64 having inwardly directed teeth that 
dig into the tubing outer wall. If the duct is a discharge 
duct at the bottom of a column of elements there the tube 
60 is made sufficient long for that purpose. 

The apertures in the bags are positioned so that with 
the elements in position in their cells and on their frames 
they will register vertically with one another. All that is 
then necessary is to push the piece of tube 60 of each 
outlet into the grommet of its respective inlet in the next 
lowest element. The top and bottom ends 66 of each 
piece of tube are cut at an angle so that they cannot be 
closed off by the insulating material as they are pushed 
into the body; an angle in the range 20° -40° is usually 
satisfactory. Usually the tube is pushed fully home until 
the outlet grommet contacts the inlet locking ring 64, 
whereupon the plastics tubing is completely surrounded 
by metal and thereby protected against heat and dam- 
age. If at any time the connection must be disassembled 
this is readily accomplished by pulling the grommets 
apart; this may damage or even destroy the plastics tube, 
but this is inexpensive and easily replaced. 

Although in this embodiment the elements are con- 
nected in series, with each lower element constituting 
part of the flow duct means for the elements above it, in 
other embodiments each element may be vented sepa- 
rately to the exterior space, such as the baggage com- 
partment or bilge, by means of a separate tube 50 (not 
illustrated) of appropriate length that passes alongside 
the lower elements. Figure 7 illustrates other embodi- 
ments in which the elements are connected to a common 
vent pipe 68 that discharges into the baggage compart- 
ment or bilge. For clarity of illustration the pipe 68 is 
shown as protruding intothe cabin interior, but in practice 
it will pass alongside the elements behind the cabin trim 
panels. In a further embodiment the entry of only very 
low humidity air into the element interiors is assured by 
connecting the venting ducts 50, usually by a common 
manifold (not shown) to a source of dry air (not shown), 
such as to an outlet of the aircraft heat exchange unit 
(not shown) that receives air from outside the aircraft and 
heats and pressurizes it before supplying it to the aircraft 
interior; as explained above such air inherently is of ex- 
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tremely low humidity. In addition, if desired, the air in the 
elements can be maintained by the source of dry air at 
a pressure slightly above the cabin pressure, but not 
enough to cause any substantial pressing of the element 
5 bag walls against the trim panels, to further ensure that 
humid cabin air cannot enter them. 

Although with these embodiments the invention has 
been described in its application to the insulation of an 
aircraft, it can with advantage be applied to the insulation 
10 of other types of structures in which there is an enclosed 
space constituted by at least one external wall, and there 
is the opportunity of venting the interiors of the insulating 
elements to its exterior, so that only dryer air from the 
enclosed spaced exterior can flow through the elements. 
*s The invention is therefore for example applicable gener- 
ally to ail commercial and residential buildings in which 
the presence of excessively humid air in the enclosed 
spaces is found to cause condensation in the insulation, 
and is therefore a problem that is met by the invention. 
A particular example of a commercial structure is a re- 
frigerated building used lor the storage and aging of large 
quantities of meat; during this storage the meat expires 
considerable quantities of moisture into the enclosure in- 
terior which should be prevented from entering the insu- 
lation and reducing its effectiveness. 

In the embodiment shown in Figs. 8 and 9, an aircraft 
air conditioning unit 70 supplies relatively dry cool air 
through supply conduits 72 to cooling air outlets 74 in the 
cabin roof 76. In this further embodiment, each insulation 
element 78 comprises a body 80 of thermally insulating 
material enclosed in a bag 82 of substantially moisture 
impervious material. The insulation element 72 are ar- 
ranged in columns, each column filling the space be- 
tween circular frames 1 2 and the insulation elements 78 
in each column being stacked one upon another so that 
remaining air space between the frames 12, metal skin 
20 and trim panels 22 (see the earlier figures) is mini- 
mized. 

The bag 82 of each insulation element 78 has an 
aperture 84 at the bottom containing a circular metal 
grommet 86 and an aperture 88 at the top containing a 
circular metal grommet 90. The bags 82 of adjacent in- 
sulation elements 78 are connected by connectors 92 of 
plastic material, each connector 92 having a tubular body 
94 with an annular flange 96 midway along its length. 
The end portions of the tubular body 94 have circumfer- 
entially spaced longitudinally extending slits 98 which ex- 
tend from the relevant end to a distance approximately 
halfway between the end and the flange 96. 

In use, the upper end of the connector 92 is pushed 
into the grommet 86 at the lower end of the upper insu- 
lation element 98 until the flange 96 engages the grom- 
met 86. The slits 98 in the tubular body 94 provide resil- 
ient flexibility during insertion into the grommet 86, and 
the unslotted portion of the body 94 near the flange 96 
provides a good friction fit, with the portion of the body 
94 between the slits 98 and the flange 96 also providing 
a slight snapping fit due to radially outward movement of 
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the slitted portion alter insertion. The lower end of the 
connector 92 is similarly assembled with the grommet 
90 at the upper end of the lower insulation element 78. 

The cooling air supplied by the air conditioner 70 to 
the passenger cabin ot a modern aircraft is of very low 
humidity and has a somewhat higher pressure than the 
ambient cabin pressure. In addition to being supplied to 
the duct 72, the cooling air is also supplied through duct 
100 to the upper end of the upper insulation element 78 
in each column, the duct 100 being connected to each 
upper insulation element 78 by a connector (not shown) 
generally similar to the connector 92. The bottom o1 the 
lowermost insulation element 78 is dosed by a suitable 
plug (not shown) fitted into the grommet 86 thereof. The 
insulation elements 78 in each column are therefore sup- 
plied with cool dry air from the air conditioner 70, with the 
air passing from one insulation element 78 to a lower in- 
sulation element 78 through the connectors 92. Due to 
the slightly higher air pressure in the insulation elements 
78 compared to the exterior thereof, the insulation ele- 
ments 78 will be caused to expand to substantially fill the 
space between the metal outer skin 20 and the trimmer 
panels 22, thereby minimizing condensation on the inte- 
rior of the metal outer skin 20. 

The bags 82 of the insulation element 78 will usually 
be of thin plastic sheet material which will be slightly per- 
vious to air, so that air can pass therethrough into or out 
of the insulation elements 78 depending upon the nature 
of the pressure difference between the interior of the in- 
sulation elements 78 and the aircraft cabin. This will de- 
pend on the amount of pressurisation of the cabin as pre- 
viously described. If the bags 82 are not sufficiently per- 
vious for this purpose, small openings may be provided 
therein. Apart from this small amount of air flow through 
the bags 82, there is no other air flow through the insu- 
lation elements 78. 

Therefore, not only is there little likelihood of water 
condensing in the insulation elements 78 but, since the 
insulation element 78 substantially fill the space between 
the metal outer skin 20 and the trim panels 22, there is 
very little air contacting the metal outer skin 20 and hence 
very little condensation thereon. 

The invention therefore also provides a system for 
the containment of thermal insulation elements used for 
the insulation of the interior of an enclosed space con- 
stituted by at least one external wall, a plurality of said 
insulation elements being applied for that purpose on the 
inside surface of the external wall or walls of the space, 
wherein each insulation element comprises a body of 
thermally insulating material enclosed in a bag of sub- 
stantially moisture impervious material, the system also 
including a source of relatively dry air at a pressure slight- 
ly higher than the ambient air pressure in said enclosed 
space, and connectors connecting said source o1 rela- 
tively dry air to the interior of said thermal insulation el- 
ements. 

Some insulation elements may be connected direct- 
ly to the source of relatively dry air, and other insulation 
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elements may be connected to the source of relatively 
dry air indirectly through the interior of at least one other 
insulation element. The bags of the insulation elements 
may have means, such as slight porosity to provide slight 

5 leakage of relatively dry air therefrom. Alternatively, such 
leakage may be effected by small openings in the bags 
of valve devices which open to permit release of air from 
the bags when the air pressure in the bags exceeds the 
pressure on the exterior thereof by a predetermined val- 

io ue. 

Other embodiments of the invention will be readily 
apparent to a person skilled in the art, the scope of the 
invention being defined in the appended claims. 

15 

Claims 

1. A system for the containment of acoustic and ther- 
mal insulation elements used for the insulation of the 

20 interior of an enclosed space constituted by at least 

one external wall, a plurality of said elements being 
applied for that purpose on the inside surface of the 
external wall or wails of the space; 

wherein each of ihe elements comprises a 

2S body of thermally insulating material enclosed in a 

bag of moisture impervious material, each bag hav- 
ing at a lowermost point at which moisture con- 
densed therein will accumulate under gravity an 
aperture or apertures connecting the bag interior to 

30 jts exterior; 

the system also comprising an air and liquid 
flow duct connecting each bag aperture, and thereby 
the bag interior, to the exterior of the enclosed space 
so that air and condensed liquid at the lowermost 

3S point flows therethrough to the enclosed space exte- 
rior; 

said aperture or apertures and the respective 
flow duct or ducts comprising the means through 
which air from the enclosed space exterior can enter 
40 and leave the bag interior for equalisation of pres- 
sure between the bag interior and that of the ambient 
atmosphere within the enclosed space. 

2. A system as claimed in claim 1 , wherein a plurality 
45 of insulation elements are disposed one above the 

other in the form of a column; and 

wherein the interiors of the bags enclosing the 
elements are connected in series with one another, 
so that each immediately lower element bag consti- 
so tutes part of the flow duct from its immediately upper 
element bag to the enclosed space exterior. 

3. A system as claimed in claim 1 , wherein a plurality 
of insulation elements are disposed one above the 

55 other in the form of a column; and 

comprising a common air and liquid flow duct 
connecting all of the element bag interiors of the col- 
umn to the enclosed space exterior. 
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4. A system as claimed in claim 1, wherein the insu- 
lated space is an aircraft passenger cabin disposed 
above a non-passenger space of the aircraft and the 
air and liquid flow duct connects the element bag 
interior to the interior of the non-passenger space. 

5. A system as claimed in claim 4, wherein the 
non -passenger space is a baggage compartment 
interior. 

6. A system as claimed in claim 4, wherein the 
non-passenger space is the bilge compartment inte- 
rior. 

7. A system as claimed in claim 4, wherein the aircraft 
comprises a plurality of longitudinally spaced trans- 
verse frames and a plurality of circumferentially 
spaced longitudinally extending stringers, each pair 
of immediately adjacent frames and each pair of 
immediately adjacent stringers together forming a 
respective cell in which at least one element is dis- 
posed to fill the cell. 

8. A system as claimed in claim 4, wherein the aircraft 
comprises a plurality of longitudinally spaced trans- 
verse frames, and each frame has a plurality of 
frame insulating elements wrapped around the 
respective frame with adjacent elements butted end 
to end. 

9. A system as claimed in claim 8, and comprising 
metal spring clip members each wrapped around a 
respective frame insulating element to retain it on 
the respective frame. 

10. A system as claimed in claim 1 , wherein theflow duct 
comprises a metal flanged tubular grommet having 
its tubular portion inserted through the bag aperture 
and its flange portion in contact with and retained 
against the adjacent bag surface, and a tube of plas- 
tics material inserted through the tubular portion. 

11. A system as claimed in claim 10, and comprising an 
annulus of flexible material overlying the grommet 
flange portion and the adjacent portion of the bag 
surface and adhered thereto to retain the flange por- 
tion in contact with the adjacent bag surface and 
thereby retain the grommet in the bag aperture. 

1 2. An insulation element for insulating the interior of an 
enclosed space constituted by at least one external 
wall by application of the element to the inside sur- 
face of the external wall; 

the element comprising a body of insulating 
material; 

a bag of moisture impervious sheet material 
enclosing the body of insulating material; 

an aperture or apertures connecting the bag 



interior to its exterior respectively at a point or points 
in the bag wall which when the bag is installed on 
the external wall inside surface is respectively a low- 
ermost point or points thereof, so that moisture con- 

5 densing within the bag can accumulate under gravity 

at this point or points for discharge from the bag inte- 
rior therethrough; and 

an air and liquid flow duct connected to each 
aperture, the aperture or apertures and the respec- 

10 tive flow duct or ducts also permitting entry and exit 
of air for equalisation of pressure between the bag 
interior and that of the atmosphere ambient to the 
element. 

is 13. An element as claimed in claim 12, wherein the 
enclosed space is an aircraft cabin interior, the air- 
craft comprising a plurality of longitudinally spaced 
transverse frames and a plurality of circumferentially 
spaced longitudinally extending stringers, each pair 

20 of immediately adjacent frames and each pair of 
immediately adjacent stringers together forming a 
respective cell, wherein the element is of the shape 
to fill the respective cell. 

2S 14. An element as claimed in claim 12, wherein the 
enclosed space is an aircraft cabin interior, the air- 
craft comprising a plurality of longitudinally spaced 
transverse frames; and 

wherein each element is a frame insulating 

30 e | emen t Q f the shape to be wrapped around the 
respective frame with adjacent elements butted end 
to end. 

1 5. An element as claimed in claim 14, wherein the body 
35 of insulating material has a first series of spaced 
notches permitting the portion of the body between 
the notches to be applied to the inner surface of the 
respective Irame and the body to be wrapped in a 
first direction around the respective frame, the body 
^0 having a second series of spaced notches, each 
spaced from a respective first series of notches, per- 
mitting the body to be wrapped in an opposite sec- 
ond direction around the respective frame. 

^5 16. An element as claimed in claim 12, wherein the flow 
duct comprises a flanged metal tubular grommet 
having its tubular portion inserted through the bag 
aperture and its flange portion in contact with and 
retained against the adjacent bag surface, and a 

50 tube of plastics material inserted through the tubular 
portion. 

17. An element as claimed in claim 16, and comprising 
an annulus of flexible material overlying the grom- 
55 met flange portion and the adjacent portion of the 
bag surface and adhered thereto to retain the flange 
portion in contact with the adjacent bag surface and 
thereby retain the grommet in the aperture. 
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18. A method of insulating the interior of an enclosed 
space enclosed by at least one external wall and 
subject to fluctuations in the ambient air pressure 
within the enclosed space interior, the interior sur- 
face of the external wall having applied thereto a plu- 
rality of insulating elements, and of containing the 
insulating elements each of which comprises a body 
of thermally insulating material; 

the method comprising enclosing each ele- 
ment in a bag of moisture impervious sheet material; 

providing each bag with an aperture or aper- 
tures respectively connecting the bag interior to its 
exterior at a lowermost point or points in the bag wall, 
so that moisture that condenses within each bag can 
accumulate under gravity at this lowermost point or 
points; 

venting each element interior through the 
respective aperture to an outside space outside the 
enclosed space interior through an air and liquid flow 
duct or ducts through which air can only flow 
between the bag interior and the outside space and 
cannot enter the enclosed space interior; 

whereby a decrease in the ambient pressure 
outside the enclosed space interior relative to the 
pressures within the bag interiors and consequent 
movement of air from the bag interiors for equalisa- 
tion of these pressures through the flow duct or ducts 
acts to carry condensed liquid from the bag interiors 
to the outside space. 

1 9. A method as claimed in claim 1 8, wherein a plurality 
of insulation elements are disposed one above the 
other in the form of a column with their interiors, con- 
nected in series with one another, so that each 
immediately lower element constitutes part of the air 
and liquid flow duct from its immediately upper ele- 
ment to the enclosed space exterior. 

20. A method as claimed in claim 18, wherein a plurality 
of thermal insulation elements are disposed one 
above the other in the form of a column and a com- 
mon air and liquid flow duct connects all of the ele- 
ment interiors of the column to the enclosed space 
exterior. 

21. A method as claimed in claim 18, wherein the insu- 
lated space is an aircraft passenger cabin disposed 
above a non-passenger space of the aircraft and the 
flow duct connects the bag interior to the interior of 
the non-passenger space. 



retainer clip comprising an metal spring member 
wrapped around the respective frame insulating ele- 
ment to retain it on the respective frame. 

5 23. A retainer dip as daimed in claim 22, wherein a cen- 
tral portion of the clip ts of C-shape to embrace the 
inner portion of the respective frame, and the body 
portion has a pair of spaced parallel portions extend- 
ing from the mouth of the C to embrace the sides of 

to the respective frame insulating element. 

24. A system for the containment of thermal insulation 
elements used for the insulation of the interior of an 
enclosed space constituted by at least one external 

15 wall, a plurality of said elements being applied for 
that purpose on the inside surface of the external 
wall or walls of the space: 

wherein each insulation element comprises a 
body of thermally insulating material enclosed in a 

20 bag of substantially moisture impervious material, 
the system also including a source of relatively 
dry air at a pressure slightly higher than the ambient 
air pressure in the enclosed space, and connectors 
connecting the source of the dry air to the interior of 

25 the thermal insulation elements. 

25. A system according to claim 24 wherein some insu- 
lation elements are connected directly to the source 
of relatively dry air, and other insulation elements are 

30 connected to the source of relatively dry air indirectly 
through the interior of at least one other insulation 
element. 

26. A system according to claim 24 wherein the bags of 
35 the insulation elements have means to provide slight 

leakage of relatively dry air therefrom. 
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22. An insulation element retainer clip for an insulation 
element for an aircraft comprising a plurality of lon- 
gitudinally spaced transverse frames and a plurality 
of circumferentially spaced longitudinally extending 55 
stringers, each frame having a plurality of frame 
insulating elements wrapped around the respective 
frame with adjacent elements butted end to end, the 



10 



EP 0 692 424 A2 




EP 0 692 424 A2 




34/8(36 40 43 42 42 40 V 6 36 '34 
' 22 /?/g.3 



Pig j¥ 




38 



12 



4 



EP 0 692 424 A2 




13 



EP 0 692 424 A2 



12 



46 



68 



44 



34 
■36 

44 



1* ^ 1 



M 




•4- 



•a 



24 

T" v 5 ^ S S 5^5 3 S S3 I 5 1 I 



7 



> I 



III 




SOURCE OF 
DRY AIR 



18 



12 



< i 



14 



EP 0 692 424 A2 





15 



